Tissue culture inoculation has replaced the production of the experimental disease in the monkey as the method of choice for the direct isolation and antigenic identification of virus from materials obtained from poliomyelitis patients.""' 12, 16, 18 In addition, tissue-culture methods have now made practical serologic tests for antibody development in man after natural poliomyelitis infection' ' or after active immunization."' However, there has been no standardization of methods as yet, which is perhaps desirable in a field so new.
The present report is concerned with the further development of tissueculture techniques, with a view to their possible effectiveness in a poliomyelitis diagnostic laboratory. Three different lines of investigation have been pursued:
1. A comparison of the sensitivity and practicality of different methods for virus isolation.
2. An integration of the data obtainable from clinical specimens both by virus isolation and by serological tests for complement-fixing and neutralizing antibodies.
3. An investigation of possible correlations between the type of disease, the type of virus involved, and the immunological response.
In the early studies reported in the literature, cultures of human tissues or monkey testis were chiefly employed. Another monkey tissue which is readily responsive to poliomyelitis virus infection is the kid-suspension of the material could be prepared, but in no case were the samples allowed to remain at this temperature for more than 72 hours. Suspensions were prepared with single or pooled samples, in final concentration of 20%o, by overnight shaking in sterile distilled water at 40 C. This was done in 250 ml. centrifuge bottles which could then be spun at 2,500 rpm. for 20 minutes to remove gross particulate matter. The supernatant fluids were stored at -20°C. prior to virus isolation studies.
Just prior to the inoculation of the tissue cultures, the 20%o stool suspension was thawed rapidly, mixed, and centrifuged at 3,000 rpm. for 30 minutes. (For some experiments an aliquot was spun at 18,000 rpm. for 30 minutes). The supernatant fluid was removed and penicillin, plus streptomycin, added to this material to yield final concentrations of 500 to 2,000 units and of 0.5 to 2 mg. per ml., respectively. The mixture was allowed to stand for 10 minutes before inoculation into cultures.
Throat swabs were collected only from the New Haven patients, also during the first few days of hospitalization. They were stored at -20°C. in 1.0 ml. of balanced salt solution containing penicillin and streptomycin. After thawing, the swab was squeezed and the expressed fluid was added to the fluid in which it had been frozen.
Serum samples were collected from many of the patients who provided stool specimens. An attempt was made to collect the first serum early after admission to the hospital, a second sample two to three weeks later, and a third sample about six weeks later. They were also stored at -20°C. until used.
VIRUS ISOLATION METHODS
Methods for the isolation of virus using two types of tissue culture, suspended cell and outgrowth cell cultures, have been compared. Suspended cell cultures consisted of about 15 fragments of monkey kidney (1 to 2 mm. in diameter) bathed in 1 ml. of nutrient medium in a 16 x 150 mm. test tube. These cultures were usually used on the day of preparation. Outgrowth cell cultures were obtained by attaching fragments of kidney or testis tissue to the wall of the test tube by means of a plasma clot or by prewarming the tube.6"8'9 One ml. of medium was added to each tube and the tubes were incubated for a period of one or two weeks, to allow a sheet of cells to grow out from the explants. The medium used for both types of culture was either mixture #199,' or a mixture containing 0.5% lactalbumin hydrolysate, 20%o bovine serum ultrafiltrate, and 79.5%o Earle's balanced salt solution.8 All tubes were placed at a slightly inclined position so that a thin layer of fluid was present over the tissue fragments, and held stationary during incubation at 36°C.* Isolations from throat swabs were carried out in suspended cell cultures in the same manner as the stool isolations (see below).
Isolation of virus in suspended cell cultures. One-tenth ml. of the penicillin-streptomycin-treated stool suspension was added to each of two suspended cell cultures. The tubes were then held stationary or placed in a roller drum at 360 C. for five days,** when the fluids were harvested. A neutralization test (see below) could be carried out on these fluids directly to determine whether an agent had been isolated, and, if so, its type. However, when there was no urgency, it was preferable to pass the agent once on outgrowth cell cultures to be certain that a cytopathogenic agent had been isolated before making the neutralization test. For this passage 0.1 ml. of undiluted fluid harvested from the suspended cell culture was used as the inoculum. The passage tubes were then observed for cytopathic changes, and, if present, the virus was identified in a third passage by neutralization with type-specific antisera. With suspended cell cultures, the cytotoxicity of stools (which in outgrowth cell cultures may interfere with observation of specific, viral cytopathic changes) was never a problem. However, blind passage of the culture fluid was required before the presence of virus could be established.
Isolation of virus in outgrowth cell cultures. To each of four culture tubes showing outgrowth of cells, 0.1 ml. of the treated stool suspension (or throat swab extract) was added, and the tube was held stationary at 360 C. Tubes were examined daily for ten days. If the stools were toxic for cultures it was usually apparent within 24 hours, whereas degeneration caused by a cytopathogenic agent did not usually become apparent until between the third and fifth days. If stools were toxic, fluids for passage were harvested on the fifth day, otherwise they were harvested when degeneration was clearly evident. Passage and neutralization tests were then carried out. Identification of viral types by neutralization tests. Fluids from primary isolation in kidney tubes, or from second passage cultures showing a viral type of degeneration, were tested in outgrowth cell cultures against each of the three type-specific poliomyelitis antisera. The sera were prepared by hyperimmunization of monkeys and had titers of over 1: 1,000 against 100 TC50 doses of virus. The background for establishing the conditions of the test as used in this laboratory has been reported in detail elsewhere.' In brief, 0.2 ml. of undiluted TC (tissue culture) fluid was mixed with Determination of neutralizing antibodies. Sera were tested for the presence of neutralizing antibodies against the three types of poliomyelitis virus. The application of the TC neutralization test to human sera has been reported. '" 714,15 In the present study the Brunhilde, Y-SK, and Leon TCadapted strains were used as representatives of Types I, II, and III viruses, respectively, at concentrations representing 100 TC50 doses of each virus. Readings were made on the third to fourth day for kidney tubes, and on the fourth to sixth day for testicular culture tubes. The results reported are those obtained when the control titration, carried out simultaneously with the test, indicated that the dose of virus used was equivalent to 100 TC50.' A number of uninoculated control tubes, and tubes inoculated with the serum alone, were present in each test to rule out nonspecific degeneration.
Two dilutions, 1: 5 and 1: 50 (or 3 dilutions, 1: 5, 1: 20, 1: 80), of each serum were added, in 0.2 ml. volumes to equal volumes of suspensions of each type of virus containing 200 TC50 doses per 0.1 ml. Thus after mixing, the final concentrations of serum were 1: 10 and 1: 100 (or 1: 10, 1: 40, and 1: 160), and of virus, 100 TC50 doses per 0.1 ml. After the mixture had stood for 1 hour at room temperature, 0.1 ml. of each serum-virus mixture was inoculated into each of two outgrowth cell culture tubes.
Determination of complement-fixing antibodies. The procedure used in this laboratory for C-F determination in poliomyelitis studies has been described elsewhere.' By carrying out each titration on plates at three low concentrations of complement, it was generally found possible to use unconcentrated infected tissue culture fluids as antigens and to avoid the concentration procedure recommended by Svedmyr, Enders, and Holloway.1' The Brunhilde, Y-SK, and Leon strains of virus were used for the production of types I, II, and III antigens, respectively. Unless otherwise stated the results reported in this paper were obtained by using unconcentrated antigens. It was found that many heterotypic reactions could be eliminated at the low concentration of complement and antigen.
RESULTS

STUDIES ON CLINICAL SPECIMENS FROM NEW HAVEN DURING A YEAR OF LOW INCIDENCE OF THE DISEASE
Of 42 stool specimens examined from 34 patients, 19 (from 18 patients) were positive for poliomyelitis virus when suspended monkey kidney tissue cultures were employed for primary isolation attempts. Identification of virus type by TC neutralization tests indicated that viruses of Of 44 throat swzvab specimens examined, 7 were positive for poliomyelitis virus, with all 3 viral types among the 7 isolates. The nature of each case yielding virus in the throat, together with a comparison with the stool isolation attempts on these patients, is recorded in Table 3 . The stools of 5 of the 7 patients had also been examined for poliomyelitis virus, and of these five stools, all but one yielded poliomyelitis virus. In each case virus The following breakdown of the data was made (see Table 2 ):
1. Thirty-seven of 40 (93%) of the paralytic patients and 24 of 30 (80%) of the nonparalytic patients were positive.
2. Type I virus was recovered from 46 patients, of whom 26 (57%)
were paralytic and 20 (43%o) were nonparalytic. 'Greater than 4 When concentrated antigen was used. With three exceptions (Nos. 41, 17, and 104) homologous C-F antibodies could not be detected in the first serum, but they appeared in the later specimens of all but four patients (88%o positive response). When an antigen consisting of a tenfold concentrated TC fluid was used, a rise in titer from less than two to greater than four could be detected in two (Nos. 10, 102) of the three patients who were negative when tested with unconcentrated antigen.
Only one (No. 7) of the patients from whom Type I was isolated showed any Type II C-F antibody. In this one case it first appeared in the third serum. Nine (29%o) had Type III C-F antibodies but during the period 476 Volume 26, June 1954 of study, the Type III titer increased in only two of these patients and it fell in two others.
2. Patients from whom Type II virus was isolated (Table 6 ). Nine of the patients studied were in this group. Five had homologous neutralizing antibody in high titer at the time the first serum was collected and maintained a high level for the period of study. The other four developed Type II antibodies in high titer by the time the second serum was collected.
One (Table 7) . Nine patients in this group were studied, two paralytic and seven nonparalytic. Several of these patients showed serological responses to poliomyelitis virus and in certain cases the results give an indication of the type of virus that was involved. In three cases there was a rise in Type I C-F antibody and of these the two that were tested also had Type I neutralizing antibody present in high titer in all sera. They did not possess neutralizing antibody against either of the other two types.
Another patient (No. 99) had Type II C-F antibody in the convalescent but not in the acute serum. This individual had Type II neutralizing antibody in high titer in all three specimens and an increasing level of Type I neutralizing antibodies.
One patient (No. 66) had no detectable antibodies of either sort against any type of poliomyelitis virus.
4. Integration of results from all categories of Lock Haven patients. All persons studied had neutralizing antibodies against the type of virus isolated from their stools. In 24 of the 41 from whom virus was isolated (59%o) this antibody was already present in high titer at the time of the Most persons (90% when the results with concentrated antigen are included) showed an increase in C-F antibodies during the period of study against the type of virus isolated from their stools. Heterologous C-F antibody increases occurred less frequently; 10%o of the cases showed an increase in antibody against one or the other heterologous type.
The results, recorded in Tables 4, 5 , 6, and 7, of the Type I neutralization and C-F tests on all the sera with which both tests were made (from 47 Lock Haven patients) are brought together in Table 8 . All but one of By the use of outgrowth cell cultures, virus could be isolated and typed in five to seven days if a moderate amount of virus was present and the specimen was not highly toxic.* A few days longer were required when suspended cell cultures were used for the primary isolation of virus. Suspended cell cultures have the advantage of circumventing the cytotoxic action of certain stools. However, cytotoxicity of stools is a far more serious problem with outgrowths from monkey testicular tissue than with those from monkey kidney tissue.
2. Isolation and typing of poliomyelitis viruses from clinical specimens obtained in areas of low and of high incidence of the disease. All three viral types were found in about equal proportions in New Haven patients in 1952, a year when the disease in the area was mild and the prevalence low. Type I and Type II viruses were both isolated during a severe outbreak in Lock Haven, Pennsylvania, during the same year. However, in the latter epidemic Type I strains were isolated at three times the frequency of Type II strains. There was no correlation in either area of strains of one type with a clinical form of the disease. Type II infections were as severe as those due to Type I, and the ratio of nonparalytic to paralytic infections among hospitalized patients was no greater for Type II than for Type I virus.
It has been shown above that outgrowth cell cultures are more sensitive in detecting small amounts of virus than are suspended cell cultures. Since all but three isolations from the clinical specimens were made by the suspended cell culture technique, some specimens reported here as negative undoubtedly contained virus. It is noteworthy that 58 of 70 patients (83%) from an epidemic area (Lock Haven) yielded virus, in contrast to 18 of 34 patients (53%) in an endemic area (New Haven). Perhaps this may be a * A more rapid method can be used if adequate supplies of immune sera are available. The stool suspension in 0.25 ml. amounts is distributed in three tubes, the first containing 0.25 ml. of 1: 5 Type I immune serum, the second, Type II, and the third, Type III serum. After an incubation period of one hour at room temperature, 02 ml. of each mixture is inoculated into each of two outgrowth cell cultures. The virus type can be identified as soon as it is isolated, for degeneration will be observed in the four tubes containing the heterotypic sera, but not in the two tubes containing the homotypic serum. By this technique, which has also been used at the Children's Hospital in Boston, virus can sometimes be isolated and typed within 48 hours. reflection of a larger output of virus by patients infected by epidemic strains of poliomyelitis virus, or of a greater cytopathogenicity possessed by epidemic strains.
3. Serological findings in patients. It is now known that neutralizing antibodies to poliomyelitis virus develop early in the disease, so that it is not unexpected to find them present at high titer at the time the patient is brought into the hospital. The fact that the response may be broader than to the type causing the infection also makes it difficult to depend on neutralizing antibody measurements alone for diagnostic purposes. The discovery by Sabin1' that transitory Type II neutralizing antibodies may appear in the face of a Type I infection has been confirmed. In one instance the reverse was found. Type I antibodies were present only in the first of three serum samples in a patient who excreted Type II virus and developed Type II antibodies in high titer. During convalescence some patients developed antibodies not only to the type isolated from the stools, but to other types as well. Whether these heterotypic antibodies persist for years like the homotypic ones is not known. Further study is needed before the r6le of these phenomena in the immunology of the disease may be understood.
There can be little doubt as to the identity of the infecting virus in those persons from whom virus was isolated, and in whose sera only homotypic C-F antibody increased in titer while homotypic neutralizing antibody was present in high or increasing levels. By these criteria 22 of the 40 persons on whom complete data were obtained had Type I and four had Type II infections.
When virus isolations were negative or not tried, the serological results alone were sometimes indicative of the type of infection. Of seven individuals in this category, two fulfill the above serological criteria for Type I infection and one for Type II. One possessed no antibodies against any type and probably did not have poliomyelitis.
One patient (No. 97), from whom Type II virus was isolated, showed increases in both C-F and neutralizing antibodies against both Types I and II. This may have been a heterotypic antibody response, but since both types were active in the community at the time of the study, there is a possibility that this was the result of a dual infection. Another individual (No. 7), from whom Type I virus was isolated, developed C-F antibodies against both Types I and II but possessed only transitory neutralizing antibodies against Type II. This is the kind of heterotypic response which has been found frequently by others.2 l"
The C-F responses found in this study appeared later in the course of the disease and were more frequently monotypic than the responses described by other workers.2"5 Possible reasons for these differences have been discussed in a previous paper.' SUMMARY Primary isolations of virus from human stools and throat swabs and from chimpanzee stools were made in suspended and in outgrowth cell cultures prepared from monkey kidney tissue. It was found that the outgrowth cell cultures were more sensitive in detecting small amounts of virus, and that the cytotoxicity of stools was not frequently a serious problem with kidney outgrowth cells. A period of three to five days was required for the virus to reach maximal titer in the primary cultures and a further three to four days was required for typing the virus by neutralization tests in a subsequent passage. The over-all period necessary for virus identification can be shortened if the primary isolations are made in the presence of type specific immune serum for each of the three virus types.
In New Haven, Connecticut, where the incidence of poliomyelitis was low in 1952, all three types of virus were isolated. From stool specimens Type I virus was isolated from five patients, Type II from eight, and Type III from five. Throat swabs yielded virus less often than stools, but even the seven strains isolated from throat swabs were distributed among the three types of virus. In Lock Haven, Pennsylvania, where a severe outbreak of poliomyelitis occurred in 1952, only Types I and II were isolated. Type I virus was isolated from the stools of 46 patients and Type II from 15.
The results of neutralizing antibody tests against the three types of poliomyelitis virus confirm the recent observations made in several laboratories that such antibodies develop rapidly and are usually present at the time the patient is brought into the hospital. In the present study, of 41 patients from whom poliomyelitis virus was isolated, only 15 showed higher concentrations of homotypic antibody in the convalescent serum specimens than in acute phase specimens, whereas in 25 patients the homotypic antibody was present in high titer throughout the period of observation. Sabin's findings on the appearance of transitory heterotypic neutralizing antibodies during the acute phase of the disease have been confirmed. Other patients developed heterotypic neutralizing antibodies in the convalescent phase.
Determinations of complement-fixing antibodies in the same sera made with minimal amounts of antigen revealed antibody responses homotypic with the virus isolated from the stools in a high percentage of patients (90%) and heterotypic in comparatively few (10%). These antibodies did not generally become detectable until more than one week after the onset of the disease and often increased after the fourth week.
No correlation was found between the type of infecting virus, the severity of the disease, and the immunological response. Each of the three bulbar cases from New Haven yielded a different type of virus. Of the 46 Lock Haven patients from whom Type I virus was isolated, 57% were paralytic; of the 15 from whom Type II was isolated, 73% were paralytic. The serological responses were similar in the paralytic and nonparalytic cases and in the Type I and Type II infections.
